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Description

[0001] The present invention relates to a polyorganosiloxane-based composition for film formation. More particu-

larly, the invention relates to a polyorganqsiloxahe-based composition for film formation which, when used as an inter--

5 layer insulating film material in the production of semiconductor devices and the like, can giye a film having a low
dielectric constant and high modulus of elasticity.

[0002] Silica (Si02) films formed by vacuum processes such as CVD method have hitherto been used frequently
as interlayer insulating films in semiconductor devices and the like. In recent years, an insulating coating film which
comprises a tetraalkoxysilane hydrolyzate as the main component and is called an SOG (spin on glass) film has come

70 to be used for the purpose of forming a more even interlayer insulating film. Furthermore, as a result of trend toward
higher degree of integration in semiconductor devices and the like, an interlayer insulating film has been developed
which comprises a polyorganosiloxane as the main component, has a low dielectric constant, and is called an organic
SOG film.

[0003] However, the dielectric constants of the currently known organic SOG films are about from 3 to 4, and no
is organic SOG film is known which has a lower dielectric constant than those and has sufficient mechanical strength.

[0004] Accordingly, one object of the invention is to provide a composition for film formation that overcomes the
problems described above.

[0005] Another object of the invention is to provide a polyorganosiloxane-based composition for film formation
which is capable of giving a cured film having a low dielectric constant and high modulus of elasticity and useful as an

20 interlayer insulating film in semiconductor devices and the like.

[0006] The invention provides a composition for film formation which comprises

(A) a product of hydrolysis and condensation (hereinafter referred to as a "product of hydrolysis and condensation
(A) ") obtained by hydrolyzing and condensing, in the presence of an alkali catalyst, at least one silane compound

25 selected from the group consisting of compounds represented by the following formula (1 )
(hereinafter referred to

also as "compounds (1)"), compounds represented by the following formula (2) (hereinafter referred to as "com-
pounds (2)

M
), and compounds represented by the following formula (3) (hereinafter referred to as "compounds (3)"),

and

(B) a product of hydrolysis and condensation (hereinafter referred to as a "product of hydrolysis and condensation
30 (B)

%>

) obtained by hydrolyzing and condensing, in the presence of an acid catalyst, at least one silane compound
selected from the group consisting of the compounds (1); the compounds (2), and the compounds (3):

RaSi(OR
1

)4_a (1)

35 wherein R represents hydrogen atom, fluorine atom or a monovalent organic group; R 1 represents a monovalent
organic group; and a is an integer of 1 or 2;

Si(OR2 )4 (2)

40 wherein R2 represents a monovalent organic group;

R3b(R
4
0)3.bSi-(R

7
)d-Si(OR

5
)3.cR

6
c (3)

wherein R3 to R6 may be the same or different and each represent a monovalent organic group; b and c may be
45 the same or different and each are an integer of 0 to 2; R7 represents oxygen atom, a phenylene group or a group

represented by -(CH2)n -, wherein n is an integer of i to 6; and d is 0 or 1

.

[0007] In this composition, the product of hydrolysis and condensation (A) preferably has a weight average molec-
ular weight as determined by GPC of from 50,000 to 10,000,000.

so [0008] The product of hydrolysis and condensation (B) preferably has a weight average molecular weight as deter-
mined by GPC of from 500 to 300,000.

.

[0009] The ingredient (A) preferably contains a product of the hydrolysis and condensation of at least one com-
pound represented by the formula (2) in an amount of from 5 to 75% by weight (in terms of the product of complete
hydrolysis and condensation).

'

55 [0010] The ingredient (A) preferably is a product of the hydrolysis and condensation of silane compounds compris-
ing at least one compound represented by the formula (1) and at least one compound represented by the formula (2).

[0011] The ingredients (A), and (B) are preferably contained in such a proportion that the amount of the ingredient
(B) is from 1 to 900 parts by weight (in terms of the product of complete hydrolysis and condensation) per 1 00 parts by

2



EP 1 090 967 A2

weight of the ingredient (A) (in terms of the product of complete hydrolysis and condensation).

[001 2] Furthermore, the composition for film formation of the invention preferably has a pH of 7 or lower.

[001 3] The invention further provides a method of film formation which comprises applying the composition for film

formation described above on a substrate and then heating the compost
5 [001 4] A preferred application of the film obtained by the method of film formation described above is an insulating

film.
•

[001 5] The invention furthermore provides a semiconductor device haying the insulating film.

[0016] The composition for film formation of the invention is a polyorganosiloxane-based composition which con-

tains ingredient (A) [a product of hydrolysis and condensation (a hydrolyzate and/or a condensate thereof) obtained by
io hydrolyzing and condensing, in the presence of an alkali catalyst, at least one member selected from the group consist-

ing of compounds (1), (2), and (3)] and ingredient (B) [a product of hydrolysis and condensation (a hydrolyzate and/or

a condensate thereof) obtained by hydrolyzing and condensing, in the presence of an acid catalyst, at least one mem-
ber selected from the group consisting of compounds (1 ), (2), and (3)] as film-forming base polymers. When this com-
position of the invention is applied to a substrate such as, e.g., a silicon wafer by dipping, spin coating, or another

75 technique and the composition applied is heated to thermally condensation-polymerize the ingredients (A) and (B), then

the ingredients (A) and (B) give a vitreous or macromolecular weight film which has a low dielectric constant, high mod-
ulus of elasticity, and hence excellent mechanical strength. Thus, an interlayer insulating film material can be formed.

[0017] The term "hydrolysis" as used herein means that the FOO-, RsO-, F^O-, and RsO- groups in compounds (1)

to (3) to constitute ingredients (A) and (B) react with water to produce silanol groups.

20 [0018] The term "condensation" as used herein means that silanol groups of the hydrolyzates of compounds (1) to

(3) to constitute ingredients (A) and (B) are condensed to form Si-O-Si bonds. In the invention, however, all the silanol

groups need not have undergone condensation. Namely, the condensation include the production of a condensate in

which a slight proportion of the silanol groups have been condensed and the production of a mixture of condensates
which differ in the degree of condensation.

25

Product of Hydrolysis and Condensation (A^l

[0019] The product of hydrolysis and condensation (A) is obtained by hydrolyzing and condensing, in the presence
of an alkali catalyst, at least one silane compound selected from the group consisting of compounds (1) to (3). Com-

30 pounds (1 ) to (3) and the alkali catalyst are described below.

Compounds (1):

[0020] Examples of the monovalent organic groups represented by R and R 1
in the formula (1) include alkyl group,

35 aryl group, allyl group, and glycidyl group. In the formula (1 ), R is preferably a monovalent organic group, especially alkyl

group or phenyl group.

[0021] The alkyl group preferably has 1 to 5 carbon atoms, and examples thereof include methyl, ethyl, propyl, and
butyl. Those alkyl groups may be linear or branched, and may be ones in which one or more of the hydrogen atoms
have been replaced with, for example, fluorine atoms.

40 [0022] In the formula (1), examples of the ary! group include phenyl, naphthyl, methylphenyl, ethylphenyl, chloroph-

enyl, bromophenyl, and fluorophenyl.

[0023] Specific examples of the compounds represented by the formula (1) include:

trimethoxysilane, triethoxysilane, tri-n-propoxysilane, triisopropoxysilane, trKn-butoxysilane, tri-sec-butoxysilane, tri-

tert-butoxysilane, triphenoxysilane, fluorotrimethoxysilane, fluorotriethoxysilane, fluorotri-n-propoxysiiane, fluorotriiso-

45 propoxysilane, fluorotri-n-butoxysilane, fluorotri-sec-butoxysilane, fluorotri-tert-butoxysilane, and fluorotriphenoxysi-

lane;

methyltrimethoxysilane, methyltriethoxysilane, methyltri-n-propoxysilane, methyltri-isb-propoxysilane, methyltri-n-

butoxysilane, methyltri-sec-butoxysilane, methyltri-tert-butoxysilane, methyltriphenoxysilane, ethyltrimethoxysiiane,

ethyltriethoxysilane, ethyltri-n-propoxysilane, ethyltriisopropoxysilane, ethyltri-n-butoxysilane, ethyltri-sec-butoxysilahe,

so ethyltri-tert-butoxysilane, ethyltriphenoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane, vinyltri-n-propoxysilane,

vinyltriisopropoxysilane, vinyltri-n-butoxysilane, vinyltri-sec-butoxysilane, vinyltrl-tert-butoxysllane, vinyltriphenoxysi-

lane, n-propyltrimethoxysllane, n-propyltriethoxysilane, n-propyltri-n-propoxysilane, n-propyltriisopropoxysilane, n-pro-

pyltri-n-butoxysllane, n-propyltri-sec-butoxysilane, n-propyltrl-tert-butoxysilane, n-propyltriphenoxysilane,

isopropyltrlmethoxysilane, isopropyltriethoxysiiane, isopropyltri-n-propoxysllane, isopropyltriisopropoxysilane, isopro-

55 pyltri-n-butoxysilane, isopropyltri-sec-butoxysilane, isopropyltri-tert-butoxysilane, isoprppyltriphenoxysilane, n-butyltri-

methoxysjlane, n-butyltriethoxysilane, n-butyltri-n-propoxysilane, n-butyltriisopropoxysilane, n-butyltri-n-butoxysiiane,

n-butyltri-sec-butoxysilane, n-butyltri-tert-butoxysilane, n :butyltriphenoxysilane, sec-butyltrimethoxysilane, sec-bLrtyitri-

ethoxysilane, sec-butyltri-n-propoxysilane, sec-butyltriisopropoxysilane, sec-butyltri-n-butoxysilane, seb-butyltri-sec-

3
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butoxysilane, sec-butyitri-tert-butoxysilane, sec-butyltriphenoxysilane, tert-butyltrimethoxysilane, tert-butyltriethoxysi-
lane, tert-buiyltri-h-propoxysilane,. tert-butyltriisopropoxysilane, tert-birtyltri-n-butoxysilane, tert-butyltri-sec-butoxysi-
lane, tert-butyltri-tert-butoxysilane, tert-butyitriphenoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, phenyltri-
n-propoxysilane, phenyltrilsopropoxysilane, phenyltri-n-butoxysilane, phenyltrf-sec-butoxysilane, phenyltri-tert-butox-
ysilane, phenyttriphenoxysilane, vinyltrimethoxysilane, viriyJtriethoxysilane, ra™nopropyftrimethoxysilane, y-aminopro-
pyltriethoxysllane. y-glycidoxypropyltrimethbxysilane, y-glycidoxypropyltriethoxysllane, y-trifluoropropyltrimeth
andy-trifluoropropyltriethoxysilane; and
dimethyldimethoxysilane, dimethyldiethoxysilane, dimethyldi-n-propoxysilane, dimethyldiisopropoxysilane, dimethyldi-
n-butoxysilane, dimethyldi-sec-butoxysilane, dimethyldi-tert-butoxysilane, dimethyldiphenoxysilane, diethyldimethoxysi-
lane, diethyldiethoxysilane, diethyldi-n-propoxysllane, diethyldilsoprbpoxysllane, diethyldhn-butoxysilane, diethyldi-sec-
butoxysilane, diethyldi-tert-butoxysilane, diethyldiphenoxysilane, di-n-propyldimethoxysilane, di-n-propyldiethoxysilane,
di-n-propyldi-n-propoxysilane, di-n-propyldiisopropoxysilane, di-n-propyldi-n -butoxysilane, di-n-propyldi-sec-butoxysi-
lane, di-n-propyldi-tert-butoxysilane, di-n-propyldiphenoxysiiane, dlisopropyldimethoxysilane, diisopropyldiethoxysi-
lane, diisopropy)dl-n-propoxysilane, diisopropyldiisopropoxysilane, diisopropyldi-n-butoxysilane, diisopropyldi-sec-
butoxysilane, diisopropyldi-tert-butoxysilane, diisopropyldiphenoxysilane, di-n-butyldimethoxysilane, di-n -butyldlethox-
ysilane, di-n-butyldi-n-propoxysilane, di-n-butyldiisopropoxysilane, di-n-butyldi-n-butoxysilane, di-n-butyldi-sec-butox-
ysilane, di-n-butyldi-tert-butoxysilane, di-n-butyldiphenoxysilane, di-sec-butyldimeth oxysilane, di-sec-
butyldiethoxysilane, di-sec-butyldi-n-propoxysilane, di-sec-butyldiisopropoxysilane, di-sec-butyldi-n-butoxysilane, di-
sec-butyldi-sec-butoxysilane, di-sec-butyldi-tert-butoxysilane, di-sec-butyldiphenoxysilane, di-tert-butyldimethoxysi-
lane, di-tert-butyldiethoxysilane, di-tert-butyldi-n-propoxysilane, di-tert-butyldilsopropoxysilane, di-tert-butyldi-n-butox-
ysilane, di-tert-biityldi-sec-butoxysllane, di-ten>butyldi-tert-butoxysilane, di-tert-butyldiphenoxysilane,
diphenyldimethoxysilane, dlphenyldiethoxysllane, diphenyldi- n-propoxysilane, dlphenyldlisopropoxysllane, diphenyldi-
n-butoxysilane, diphenyldi-sec-butoxysiiane, diphenyldi-tert-butoxysilane, diphenyldiphenoxysiiane, and divinyrtrimeth-
oxysilane. .

[0024] Of those, the preferred compounds are metnyltrimethoxysilane, methyltriethoxysilane, methyltri-n-propox-
ysilane, methyltriisopropoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, vinyltrimethoxysilane, vinyltriethoxysi-
lane, phenyltrimethoxysilane, phenyltriethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane,
diethyldimethoxysilane, diethyldiethoxysilane, diphenyldimethoxysilane, and diphenyldiethoxysilane.
[0025] Those compounds may be used alone or as a mixture of. two or more thereof.

Compounds (2):

[0026] Examples of the monovalent organic group in the formula (2) include the same organic groups as those enu-
merated above with regard to the formula (i).

[0027] Examples of the compounds represented by the formula (2) include tetramethoxysilane, tetraethoxysilane,
tetra-n-propoxysllane, tetraisopropoxysilane, tetra-n-butoxysilane, tetra-sec-butoxysilane, tetra-tert-^utoxysilane, and
tetraphenoxysilane.

Compounds (3):

[0028] Examples of the monovalent organic groups in the formula (3) include the same organic groups as those
enumerated above with regard to the formula (1)..

[0029] Examples of the compounds represented by the formula (3) wherein R7 is oxygen atom include hexameth-
oxydisiloxane, hexaethoxydisiloxane, hexaphenoxydisiloxane, 1,1,1,3,3-pentamethoxy-3-methyldisi!oxane, 1,1,1,3,3-
pentaethoxy-3-methyldisiloxane, 1 ,1 ,1 ,3,3-pentaphenoxy-3-methyldisiloxane, 1,1 ,1 ,3,3-pentamethoxy-3-ethyldisi-
loxane, 1 ,1 ,1 ,3,3-pentaethoxy-3-ethyIdisiloxane, 1 ,1 ,1 ,3,3-pentaphenoxy-3-ethyldisiloxane, 1 ,1 ,1 ,3,3-pentamethoxy-3-
phenyldisiloxane, 1,1,1 ^.S-pentaethoxy-S-phenyldisiloxane, 1,1,1 ,3,3-pentaphenoxy-3-phenyldisiloxane, 1,1,3,3-
tetramethoxy-1,3-dimethyldisiloxane, 1 , 1 ,3,3-tetraethoxy-1 ,3-dimethyIdisiloxane, 1 , 1 ,3,3-tetraphenoxy-1 ,3-dimethylcfis-
ilbxane, 1 , 1 ,3,3-tetramethoxy-1 ,3-diethyldisiloxane, 1 ,1 ,3,3-tetraethoxy-1 ,3-diethyldisiloxane, 1 ,1 ,3,3-tetraphenoxy-1 ,3-
diethyldisiloxane, 1 ,1 ,3,3-tetramethoxy-1 ,3-diphenyldisi loxane, 1 ,1 ,3,3-tetraethoxy-l ,3-diphenyldisiloxane, 1 ,1 ,3,3-tet-
raphenoxy-1,3-diphenyldisiioxane, 1,1,3-trimethoxy-1,3,3-trimethyldisiloxane, 1,1 ,3-triethoxy-1,3,3-trimethyldis!loxane,
1 ,1 ,3-triphenoxy-i ,3,3-trimethyldisiloxane, 1 ,1 ,3-trimethoxy-1 ,3,3-triethyldisiloxane, 1 ,1 ,3-triethoxy-l ,3,3-triethyldisi-
loxane, 1 , 1 ,3-triphenoxy-1 ,3,3-triethyldisiloxane, 1 ,1 ,3-trimethoxy-l ,3,3-triphenyidisiloxane, 1 ,1 ,3-triethoxy-1 ,3,3-
triphenyidisiloxane, 1 ,1 ,3-triphenoxy-l ,3,3-triphenyIdisiloxane, 1 ,3-dimethoxy-1 , 1 ,3,3-tetramethyIdisiloxane, 1 ;3-
diethoxy-1 , 1 ,3,3-tetramethyIdisiloxane, 1 ,3-diphenoxy-1 ,1 ,3,3-tetramethyldisiioxane, 1 ,3-dimethoxy-1 ,1 ,3,3-tetraethyld-
isiloxane, 1 ,3-diethoxy-1 ,1,3,3-tetraethyldisiloxane, 1 ,3-dlphenoxy-1 ,1,3,3-tetraethyldisiloxane, 1,3-dimethoxy-1 ^,3,3-
tetraphenyldisiloxane, 1 ^-diethoxy-l.l^^-tetraphenyldisiloxane, and 1 ,3-diphenoxy-1 ,1 ,3,3-tetraphenyldisi loxane.

'

[0030] Of those, preferred compounds are hexamethpxydisi loxane, hexaethoxydisiloxane, 1,1,3,3-tetramethoxy-
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1,3-dimethyldisiloxane, 1,1 ,3,3-tetraethpxy-1
f 3-dimethyld]siloxane, 1 ,.1,3,3-tetramethoxy-l ,3-diphenyldisiloxane, 1,3-

dimethoxy-1 ,1 ,3,3-tetramethyldisiloxane, 1 ,3-diethoxy-l ,1 ,3,3-tetramethyldisitoxane, 1 ;3-dimethoxy-1 ,1 ,3,3-tetraphe-
nyldislloxane, and 1,3-diethoxy-1,1,3,3>tetrapheny!d]siloxane.

[0031] Examples of the compounds represented by the formula (3) wherein d is 0 include hexamethoxydisiiane,
5 hexaethoxydisilane, hexaphenoxydisilane, 1,1,1 ,2,2-pentamethoxy-2-methyldisilane, 1 ,1 ,1 ^^-pentaethoxy-^methyld-

isilane, 1,1,1 ^^-pentaphenoxy^-methyldisilane, 1,1 ,1 ,2,2-pentamethoxy-2-ethyldisilane, 1 ,1 ,1 ,2,2-pentaethoxy-2-
ethyldisilane, 1 , 1 ,1 ^^-pentaphenoxy^-ethyldisilane, 1 , 1 ,1 ,2,2-pentamethoxy-2-phenyJdisilane, 1 ,1 ,1 ,2,2-pentae-
thoxy-2-phenyldisilane, 1,1 J,2 r2-pentaphen6xy-2-phenyldisilane, 1 J,2,2-tetramethoxy-1 ,2-dimethyldisilane 1 1 2 2-
tetraethoxy-l^-dimethyldisilane, l.l^^-tetraphenoxy-l^-dimethyldisilane, 1 ,1 ,2,2-tetramethoxy-1 ,2-diethyldisilane

io 1 ,1 ,2,2-tetraethoxy-1 ,2-diethyldisilane, 1 ,1 ,2,2-tetraphenoxy-1 ,2-diethyldisilane, 1 ,1 ,2,2-tetramethoxy-1 ,2-diphenyldisi-
lane, 1,1 ,2,2-tetraethoxy-1,2-diphenyldisilane, 1,1,2,2-tetraphenoxy-1 ,2-diphenyldisilane, 1,1 ,2-trimethoxy-1,2 2-tri-
methyldisilane, Kl^-triethoxy-l^^-trimethyldisilane, 1 P 1,2-triphenoxy-1,2.2-trimethyldisilane, 1,1,2-trimethoxy-1 2 2-
tnethyldisllane, 1 ,1 ,2-triethoxy-1 ,2,2-triethyldisiiane, 1 ,1 ,2-triphenoxy-l ,2,2-triethyldisilane, 1 , 1 ,2-trimethoxy-1 22-
triphenyldisilane, 1,1,2-triethoxy-1,2,2-triphenyldisilane, 1,1,2-triphenoxy-1,2,2-triphenyldisilane

( 1 ,2-dimethoxy-
1,1,2,2-tetramethyldlsilane, 1,2-diethoxy-1,1,2,2-tetramethyldisilane, 1,2-diphenoxy-1,1 ,2,2-tetramethyldisilane, 1 2-
dimethoxy-1,1 ,2,2-tetraethyldisilane, 1 ,2-diethoxy-1 ,1 ,2,2-tetraethyldisllane, 1 ,2-diphenoxy-l ,1 ,2,2-tetraethyldisilane
1,2-dimethoxy-1,1,2,2-tetraphenyldisilane, 1 ,2-diethoxy-1 ,1 ,2,2-tetraphenyidisilane, and 1 ,2-diphenoxy-1,1,2 2-tetra-
phenyldisilane.

[0032] Of those, preferred compounds are hexamethoxydisilane, hexaethoxydisilane, 1,1,2,2-tetramethoxy-1 2-
dimethyldisilane, 1,1,2,2-tetraethoxy-1 ,2-dimethyldisilane, 1 ,1,2,2-tetramethoxy-1 ,2-diphenyldisilane, 1 ,2-dimethoxy-
1,1,2,2-tetramethyldisilane, 1,2-diethoxy-1 ,1,2,2-tetramethyldisilane, 1,2-dimethoxy- 1,1 ,2,2-tetraphenyldisi lane and
1.2-diethoxy-1,l,2,2-tetrapheny!disilane.

'

[0033] Examples of the compounds represented by the formula (3) wherein R7 is a group represented by -(CH2)n
-

include bis(trimethoxysilyl)methane, bis(triethoxysilyl)methane, bis(tri-n-propoxysilyl)methane, bis(triisopropoxysi-
lyl)methane, bis (trl-n-butoxysilyl)methane, bis(tri-sec-butoxysilyl)methane, bis(tri-t-butoxysilyl)methane, 1 2-bis(tri-
methoxysl1yl)ethane, 1,2-bis(triethoxysilyl)ethane, 1,2-bis(tri-n-propoxysIiyl)ethane, 1 ,2-bis(triisopropoxyslly))ethane ^

^

1 ,2-bis(trl-n-butoxysilyl)ethane, 1 ,2-bis(tri-sec-butoxysilyl)ethane, 1 ,2-bis(tri-t-butoxysilyl)ethane, 1 -(dimethoxymethyls-
iiyl)-1 -(trimethoxysilyl)methane, 1 -(diethoxymethylsilyl)-1-(triethoxysllyl)methane, 1-(di-n-propoxymethylsilyl)-1 -(tri-n-
propoxysilyl)methane, 1-(diisopropoxymethylsilyl)-1-(triisopropoxysilyl)methane, 1 -(di-n-butoxymethylsilyl)-l-(tri-n-

30 butoxysilyl)methane,
1 -(di-sec-butoxymetiiylsilyl).1-(tri-sec-butoxysilyl)methane, 1 -(dl-t-butoxymethyls! Iyl)-1 -(tri-t-

butoxysilyl)methane, 1-(dimethoxymethylsrlyl)-2-(trimethoxysilyl)ethane, 1-(diethoxymethylsily!).2-(triethoxysi-
lyl)ethane, 1 -(di-n-propoxymethylsi)yl)-2-(tri-n-propoxysilyl)ethane, 1 -(diisopropoxymethylsilyl)-2-(triisopropoxysi-
lyl)ethane, 1 -(di-n-butoxymethylsilyl)-2-(tri-n-butoxysilyl)ethane, 1 -(di-sec-butoxymethylsilyl)-2-(tri-sec-
butoxysilyl)ethane, 1 -(di-t-butoxymethylsilyl)-2-(tri-t-butoxysilyl)ethane

f bis (dimethoxymethylsilyl)methane
35 bis(diethoxymethylsilyl)methane, bis(di-n-propoxymethylsilyl)methane, bis(diisopropoxymethylsilyl)methane, bis(di-n-

butoxymethylsilyl)methane, bis(di-sec-birtoxymethylsilyl)methane, bis(d-t-butoxymethylsilyl)methane, 1 2-bis(djmeth-
oxyrhethylsilyl)ethane, 1 ,2-bis(diethoxymethylsilyl)ethane, 1 ,2-bis(di-n-propoxymethyl)ethane, 1 ^-bisfdiisopro-
poxymethylsilyl)ethane, 1 ,2-bis(di-n-butoxymethylsilyl)ethane, 1,2-bis(di-sec-butoxymethylsilyl)ethane 1 2-bis(di-t-
butoxymethylsilyl)ethane, 1 ,2-bis(trimethoxysilyl)benzene, 1 ,2-bis(triethoxysilyl)benzene, 1 ,2-bis(tri-n-propoxysilyl)ben-

40 zene, 1,2-bis(triisopropoxysiiyl)benzene, 1 ,2-bis(tri-n-butoxysily I)benzene, 1,2-bis(tri-sec-butoxysilyl)benzene 1 2-
bis(tn-t-butoxysilyl)benzene, 1,3-bis(trimethoxysilyf)benzene, 1 ,3-bis(triethoxysilyl)benzene, 1,3-bis(tri-n-propoxysi-
lyl)benzene

f 1 ,3-bls(triisopropoxysilyt)benzene, 1 ,3-bis(tri-n-butoxysilyl)benzene,1 ,3-bis(tri-sec-butoxysilyl)benzene
1.3-bis(tri-t-butoxysilyl)benzene, 1,4-bis(trimethoxysilyl)benzene, M-bisftriethoxysilyObenzene, 1 ,4-bis(tri-n-propoxys-
ifyl)benzene, 1,4-bis(triisopropoxysilyl)benzene, 1,4-bis(tri-n-butoxysilyl)benzene, 1,4~bis(tri-sec-butoxysllY0benzene

45 and 1,4-bis(tri-t-butoxysllyl)benzene.

[0034] Of those, preferred compounds are b1s(trimethoxysilyl)methane, bis(triethoxysilyl)methane, 1 ,2-bis(trimeth-
oxysilyl)ethane, 1 ,2-bis(triethoxysilyl)ethane, 1 -(dimethoxymethylsilyl)-l -(trimethoxysilyl)methane, 1 -(diethoxymethylsi-
lylH-(trtethoxysilyl)methane, 1-(dimethoxymethylsilyl)-2-(trimethoxysilyl)ethane, 1-(diethoxymethylsilyl)-2-
(triethoxysilyl)ethane, bis(dimethoxymethyisilyl)methane, bis(diethoxymethylsilyl)methane, 1 ,2-bis(dimethoxymethylsi-
lyl)ethane, 1,2-bis(diethoxymethylsilyl)ethane, i,2-bis(trimethoxysilyl)benzene, 1,2-bis(triethoxysilyl)benzene 1 3-
bis(trtmethoxysilyl)benzene, 1 ^-bisCtriethoxysilylJbenzene, 1,4-bis(trimethoxysilyl)benzene, and 1 ,4-bis(trieth'oxysi-
lyl)benzene. '

[0035] in the invention, the compounds (1), (2), and (3) described above may be used alone or in combination of
two or more thereof to constitute Ingredient A.

[0036] When at least one silane compound selected from the group consisting of the compounds (1 ) to (3) as mate-
rials for ingredient (A) is hydrolyzed and condensed, water is preferably used in an amount of from 5 to 50 mol more
preferably from 7 to 30 mol, per mol of the sum of the R 1

0-, R20-
(
R40-, and RsO-groups. If water is added in an

amount smaller than 5 mol, there is the case where a sufficient dielectric constant and sufficient modulus of elasticity

so
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are not obtained. If the amount of water, added is larger than 50 mol, there is the case where polymer precipitation or

gelation may occur during the hydrolysis and condensation reactions.

Alkali Catalyst:

s .

[0037] An alkali catalyst is used in hydrolyzing and condensing at least one silane compound selected from the

group consisting of the compounds (1 ) to (3) for producing the product of hydrolysis and condensation (A) for use in the

invention. Examples of the alkali catalyst include inorganic bases and organic bases.

[0038] Examples of the inorganic bases include ammonia, sodium hydroxide, potassium hydroxide, barium hydrox-

10 ide, and calcium hydroxide.

[0039] Examples of the organic bases include methanolamine, ethanolamine, propanolamine, butanolamine, N-

methylmethanolamine, N-ethylmethanolamine, N-propylmethanolamine, N-butylmethanolamine, N-methyleth-

anolamine, N-ethylethanoiamine, N-propylethano lamine, N-butylethanolamine, N-methylpropanolamine, N-ethylpropa-

noiamine, N-propylpropanolamine, N-butylpropanolamine, N-methylbutanolamine, N-ethylbutano lamine, N-

75 propylbutanolamine, N-butylbutano lamine, N,N-dimethylmethanolamine, N,N-cfiethyimethanolamine, N,N-dipropyl-

methanolamine, NJ,N-dibutylmethanolamine, N,N-dimethylethanolamine, N,N-diethylethanqlamine, N,N-dipropyleth-

anolamine, N,N-dibutylethanolamine, N,N-dimethylpropanolamine, N,N-diethylpropanolamine, N,N-

dipropylpropanolamine, N,N-dibutylpropanolamine, N,N-dimethylbutanoiamine, N,N-diethylbutanolamine, N,N-dipro-

pylbutanolamine, N,N-dibutylbutanolamine, N-methyldimethanolamine, N-ethyldimethanolamine, N-propyldimeth-

20 anolamine, N-butyldimethanolamine, N-methyldiethanolamine, N-ethyldiethanoiamine, N-propyldiethanolamine, N-

butyldiethanolamine, N-methyldipropanolamine, N-ethyldipropanolamine, N-propyldipropanolamine, N-butyldipropa-

nolamine, N-methyldibutano lamine, N-ethyldibutanolamine, N-propyldibutanolamine, N-butyldibutanolamine, N-(ami-

nomethyl)methanolamine, N-(aminomethyl)ethanolamine, N-(aminomethyl)propanotamine, N-(amino-

methyl)butanolamine, N-(aminoethyl)methanolamine, N-(aminoethyl)ethanolamine, N-(aminoethyl)propanoiamine, N-

25 (aminoethyl)butanolamine, N-(aminopropyl)methanolamine, N-(aminopropyl)ethanolamine, N-(aminopropyl)propa-

nolamine, N-(aminopropyl)butanolamine, N-(aminobutyl)methanolamine, N-(aminobutyl)ethanolamine, N-(aml-

nobutyl)propanolamine, N-(aminobutyl)butanolamlne, methoxym ethylamine, methoxyethylamine, methoxypropylamine,

methoxybutylamine, ethoxymethylamine, ethoxyethylamine, ethoxypropylamlne, ethoxybutylamine, propoxymethyl

-

amine, propoxyethylamine, propoxypropylamine, propoxybutylamlne, butoxymethylamine, butoxyethylamine, butoxy-

30 propylamine, butoxybutylamine, methylamine, ethylamine, propylamine, butylamine, N,N-dimethylamine, N,N-

diethylamine, N.N-dipropylamtne, N,N-dibutylamine, trimethylamine, triethylamine, tripropylamine, tributylamine,

tetramethylethylenediamine, tetraethylethylenediamine, tetrapropylethylenediamine, tetrabutylethylenediamine, methyl-

aminom ethylamine, methylaminoethylamine, methylaminopropylamine, methylaminobutylamine, ethylaminomethyl-

amine, ethylaminoethylamine, ethylaminopropylamine, ethylaminobutylamine, propylaminomethylamine,

35 propylaminoethylamine, propylam in ©propylamine, propylaminobutylamine, butylaminomethylamine, butylaminoethyl-

amine, butylaminopropylamine, butylaminobutylamine, pyridine, pyrrole, piperazine, pyrrolidine, piperidine, picoline,

morpholine, methylmorpholine, diazabicyclooctane, and diazabicyclononane, diazabicyctoundecene.

[0040] Those alkali catalysts may be used alone or as a mixture of two or more thereof.

[0041 ] The alkali catalyst is used in an amount of generally from 0.00001 to 0.5 mol, preferably from 0.00005 to 0.5

40 mol, per mol of the sum of the R 1 0-, R20-, R40-, and R50 groups contained in the compounds (1) to (3). As long as

the amount of the alkali catalyst used is within that range, there is little possibility that polymer precipitation or gelation

might occur during the reactions.

[0042] The molecular weight of the product of hydrolysis and condensation (A) thus obtained is preferably from

50,000 to 10,000;000, more preferably from 1 00,000 to 9,000,000, most preferably from 200,000 to 8,000,000, in terms

45 of weight average molecular weight determined by the GPC (refractive index, viscosity, or light scattering) method. If the

molecular weight of ingredient (A) is lower than 50,000, there is the case where a sufficient dielectric constant and suf-

ficient modulus of elasticity are not obtained. On the other hand, if the molecular weight thereof exceeds 10,000,000,

.
there is the case where coating film uniformity decreases.

[0043] The product of hydrolysis and condensation (A) thus obtained is characterized by being not particulate and
so hence having excellent applicability to substrates. That the product of hydrolysis and condensation (A) is not particulate

can be ascertained through examination with, e.g., a transmission electron microscope (TEM).

[0044] In ingredient (A), the proportion of the product of hydrolysis and condensation derived from each compound
is as follows, in terms of the product of complete hydrolysis and condensation. The content of the product of hydrolysis

and condensation derived from the compound (2) is generally from 5 to 75% by weight, preferably from 1 0 to 70% by

55 weight, more preferably from 15 to 70% by weight, based on the sum of all the products of hydrolysis and condensation

derived from the compounds (1) to (3). The content of the product of hydrolysis and condensation derived from the com-
pound (1 ) and/or compound (3) Is generally from 95 to £5% by weight, preferably from 90 to 30% by weight, more pref-

erably from 85 to 30% by weight, based on the sum of all the products of hydrolysis and condensation derived from the

6
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compounds (1 ) to (3). When the content of the product of hydrolysis and condensation derived from the compound (2)

is from 5 to 75% by weight based on the sum of all the products of hydrolysis and condensation derived from the com-
pounds (1) to (3), then the coating film obtained has a high modulus of elasticity and, in particular, an exceedingly low
dielectric constant.

5 [0045] The term "product of complete hydrolysis and condensation" as used herein means a product obtained by a

process in which all the R 1
0-, R20-, R40-, and R50- groups contained in the compound (1), (2), or (3) are hydrolyzed

into SiOH groups and these SiOH groups are completely condensed to form siloxane structures.

[0046] Ingredient (A) is preferably a product of the hydrolysis and condensation of siiane compounds comprising at

least one compound (1) and at least one compound (2), because this ingredient (A) gives a composition having better

io storage stability.

[0047] In producing the product of hydrolysis and condensation (A), at least one siiane compound selected from the
group consisting of compounds (1 ) to (3) is hydrolyzed and condensed in the presence of an alkali catalyst so that the

resulting product of hydrolysis and condensation preferably has a weijght average molecular weight of from 50,000 to

1 0,000,000. It is preferred to adjust the pH of the resulting composition to 7 or lower.

75 [0048] Examples of techniques for pH adjustment include:

(.1) to add a pH regulator;

(2) to distill off the alkali catalyst from the composition at ordinary or reduced pressure;

(3) to bubble a gas such as nitrogen or argon into the composition to thereby remove the alkali catalyst from the
20 _ composition; and

(4) to remove the alkali catalyst from the composition with an ion-exchange resin.

[0049] Those techniques may be used alone or in combination of two or more thereof.

[0050] Examples of the pH regulator include inorganic acids and organic acids.

25 [0051 ] Examples of the inorganic acids include hydrochloric acid, nitric acid, sulfuric acid, hydrofluoric acid, phos-
phoric acid, boric acid, and oxalic acid.

[0052] Examples of the organic acids include acetic acid, propionic acid, butanoic acid, pentanoic acid, hexanoic
acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, oxalic acid, maleic acid, methylmalonic acid, adipic

acid, sebacic acid, gallic acid, butyric acid, mellitic acid, arachidonic acid, shikimic acid, 2-ethylhexanoic acid, oleic acid,

30 stearic acid, linoleic acid, linolenic acid, salicylic acid, benzoic acid, p-aminobenzoic acid, p-toluenesulfonic acid, ben-
zenesulfonic acid, monochloroacetic acid, dlchlorqacetlc acid, trichloroacetic acid, trifluoroacetlc acid, formic acid,

malonic acid, sulfonic acids, phthalic acid, fumaric acid, citric acid, tartaric acid, and succinic acid.

[0053] It is possible to blend the ingredient (B) synthesized using any of those acids as a catalyst.

[0054] Such a pH regulator is used to adjust the pH of the composition to 7 or lower, preferably 1 to 6. The method
35 described above which comprises regulating the weight average molecular weight of the product of hydrolysis and con-

densation to from 50,000 to 10,000,000 and then adjusting the pH thereof with the pH regulator to a value within that
range produces the effect that the composition obtained has improved storage stability.

[0055] The pH regulator is used in an amount suitably selected so that the pH of the composition becomes a value
within that range.

40 .

Product of Hydrolysis. and Condensation (B^

[0056] The product of hydrolysis and condensation (B) is obtained by hydrolyzing and condensing, in the presence
of an acid catalyst, at least one siiane compound selected from the group consisting of compounds (1) to (3).

45 [0057] Those compounds (1 ) to (3) and the amount of water used for the hydrolysis and condensation are the same
as the siiane compounds and the water amount used for the product of hydrolysis and condensation (A), and explana-
tions thereon are hence omitted here.

[0058] When at least one siiane compound selected from the group consisting of the compounds (1 ) to (3) as mate-
rials for ingredient (B) is hydrolyzed and condensed, water is preferably used in an amount of from 0.25 to 5 mol, more

so preferably from 0.3 to 3 mol, per mol of the sum of the R1
0-, R20-, R40-, and RsO- groups. As long as the amount of

water added is in the range of from 0.25 to 5 mol, there is no possibility that coating film uniformity might decrease and
there is little possibility that polymer precipitation or gelation might occur during the hydrolysis and condensation reac-
tions. Acid Catalyst:

[0059] An acid catalyst is used in hydrolyzing and condensing at least one siiane compound selected from the
55 group consisting of the compounds (1 ) to (3) for producing the product of hydrolysis and condensation (B) for use in the

invention.

[0060] This acid catalyst is the same as the inorganic or organic acid which may be used as a pH regulator in pre-,

paring the product of hydrolysis and condensation (A), and explanations thereon are hence omitted here. The acid cat-
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alyst is preferably an organic acid.

[0061] The acid catalyst also. is used in an amount of generally from 0.00001 to 0.5 mol, preferably from 0.00005 to

0.1 mol, per mol of the sum of the R 10, R20-, R40-, and R50- groups contained in the compounds (1) to (3). As long

as the amount of the acid catalyst used is within that range, there is little possibility that polymer precipitation or gelation

5 might occur during the reactions.

[0062] The molecular weight of the product of hydrolysis and condensation (B) thus obtained is preferably from 500
to 300,000, more preferably from 700 to 200,000, most preferably from 1 ,000 to 100,000, in terms of weight average
molecular weight determined by the GPC (refractive index, viscosity, or light scattering) method. If the molecular weight

of ingredient (B) is lower than 500, there is the case where coating film uniformity decreases. On the other hand, if the

to molecular weight thereof exceeds 300,000, there is the case where sufficient storage stability is not obtained.

[0063] The product of hydrolysis and condensation (B) thus obtained also is characterized by being not particulate

and hence having excellent applicability to substrates. That the product of hydrolysis and condensation (B) is not par-

ticulate can be ascertained through examination with, e.g., a transmission electron microscope (TEM).

T5 Proportions of Ingredient (A) and Ingredient (B) .

[0064] In the composition for film formation of the invention, ingredients (A) and (B) are contained in such a propor-

tion that the amount of the ingredient (B) {in terms of the product of complete hydrolysis and condensation) is preferably

from 1 to 900 parts by weight, more preferably from 3 to 800 parts by weight, most preferably from 5 to 800 parts by
20 weight, per 1 00 parts by weight of the ingredient (A) (in terms of the product of complete hydrolysis and condensation).

If the amount of the ingredient (B) Is smaller than 1 part by weight, there is the case where the coating film obtained has
insufficient mechanical strength. On the other hand, if the amount thereof exceeds 900 parts by weight, there is the

case where a sufficiently low dielectric constant is not obtained.

25 Soivem (C)

[0065] The composition for film formation of the Invention is obtained by dissolving or dispersing the product of.

hydrolysis and condensation (A) and the product of hydrolysis and condensation (B) in a solvent (C).

[0066] This solvent (C) may.comprise at least one member selected from the group consisting of alcohol solvents,

30 ketone solvents, amide solvents, and ester solvents.

[0067] Examples of the alcohol solvents include monohydric alcohols such as methanol, ethanol, n-propanol, iso-

propanol, n-butanol, isobutanol, sec-butanol, t-butanol, n-pentanol, isopentanol, 2-methylbutanol, sec-pentanol, t-pen-

tanol, 3-methoxybutanol, n-hexanol, 2-methylpentanol, sec-hexanol, 2-ethylbutanol, sec-heptanol, heptanol-3, n-

octanol, 2-ethylhexanol, sec-octanol, n-nonyl alcohol, 2,6-dimethylheptanol- 4, n-decanol, sec-undecylalcohol, trimeth-

35 ylnonyl alcohol, sec-tetradecyl alcohol, sec-heptadecyl alcohol, phenol, cyclohexanol, methylcyclohexanol, 3,3,5-tri-

methylcyclohexanol, benzyl alcohol, and diacetone alcohol;

polyhydric alcohols such as ethylene glycol, 1 ,2-propylene glycol, 1,3-butylene glycol, pentanediol-2,4, 2-methylpen-

tanediol-2,4, hexanedioi-2,5, heptanediol-2,4, 2-ethylhexanedioi-1,3, diethylene glycol, dipropylene glycol, triethylene

glycol, and tripropylene glycol; and

40 partial ethers of polyhydric alcohols, such as ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethyl-

ene glycol monopropyl ether, ethylene glycol monobutyl ether, ethylene glycol monohexyl ether, ethylene glycol

monophenyl ether, ethylene glycol mono-2-ethylbutyl ether, diethylene glycol monomethyl ether, diethylene glycol

monoethyl ether, diethylene glycol monopropyl ether, diethylene glycol monobutyl ether, diethylene glycol monohexyl
ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol monopropyl ether, pro-

45 pylene glycol monobutyl ether, dipropylene glycol monomethyl ether, dipropylene glycol monoethyl ether, and dipropyl-

ene glycol monopropyl ether.

[0068] Those alcohol solvents may be used alone or in combination of two or more thereof.

[0069] Of those alcohols, preferred alcohols are n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol, t-buta-

nol, n-pentanol, isopentanol, 2-methylbutanol, sec-pentanol, t-.pentanol, 3-methoxybutanol, n-hexanol, 2-methylpenta-
so nol, sec-hexanol, 2-ethylbutanol, propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene

glycol monopropyl ether, and propylene glycol monobutyl ether.

[0070] Examples of the ketone solvents include acetone, methyl ethyl ketone, methyl n-propyi ketone, methyl n-

butyi ketone, diethyl ketone, methyl isobutyl ketone, methyl n-pentyl ketone, ethyl n-buty I ketone, methyl n-hexyl ketone,

dlisobutyl ketone, trimethylnonanone, cyclohexanone, 2-hexanone, methylcyclohexanone, 2,4-pentanedione, acetony-

55 lacetone, acetophenone, and fenchone. Examples thereof further include p-diketones such as acetylacetone, 2,4-hex-

anedlone,' 2,4-heptanedione, 3,5-heptanedione, 2,4-octanedione, 3^5-octanedione, 2,4-nonanedione, 3,5-

nonanedione, 5-methyl-2,4-hexanedione, 2,2,6,6-tetramethyl-3,5-heptanedione, and 1,1,1 ,5,5,5-hexafiuoro-2,4-hep-
tanedione.

8
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[0071] Those ketone solvents may be used alone or in combination of two or more thereof.

[0072] Examples of the amide solvents include formamide, N-methylformamide, N,N-dimethylformamide, N-ethyl-

formarnide, N,N-diethyiformamide, acetamide, N-methylacetamide, N,N-dimethylacetamide, N-ethyiacetamide, N,N-
diethylacetamide, N-methylpropionamide, N-methylpyrrolidone, N-formylmorphoiihe, N-formyipiperidine, N46rmylpyr-

5 rolidine, N-acetylmorpholine, N-acetylpiperidine, and N-acety[pyrrolidine.

[0073] Those amide solvents may be used alone or in combination of two or more thereof.

[0074] Examples of the ester solvents include diethyl carbonate, ethylene carbonate, propylene carbonate, methyl
acetate, ethyl acetate, y-butyrolactone, y-valerolactone, n-propyl acetate, isopropyl acetate, n-butyl acetate, isobutyl

acetate, sec-butyl acetate, n-pentyl acetate, sec-pentyl acetate, 3-methoxybutyl acetate, methylpentyl acetate, 2-ethy I

-

w butyl acetate, 2-ethylhexyl acetate, benzyl acetate, cyclohexyl acetate, methylcyclohexyl acetate, n-nonyl acetate,

methyl acetoacetate, ethyl acetoacetate, ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether
acetate, diethylene glycol monomethyl ether acetate, dlethylene glycol monoethyl ether acetate, diethylene glycol

mono-n-butyl ether acetate, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, pro-
pylene glycol monopropyl ether acetate, propylene glycol monobutyl ether acetate, dipropylene glycol monomethyl

15 ether acetate, dipropylene glycol monoethyl ether acetate, glycol diacetate, methoxytriglycol acetate, ethyl propionate,

n-butyl propionate, isoamyl propionate, diethyl oxalate, di-n-butyl oxalate, methyl lactate, ethyl lactate, n-butyl lactate,

n-amyl lactate, diethyl malonate, dimethyl phthalate, and diethyl phthalate.

[0075] Those ester solvents may be used alone or in combination of two or more thereof.

[0076] The solvents (C) enumerated above can be used alone or as a mixture of two or more thereof: .

20 [0077] Although the composition for film formation of the invention contains the solvent (C), the same solvent can
be used in hydrolyzing and/or condensing the compounds (1) to (3) as materials for ingredients (A) and (B).

[0078] For example, the reactions are conducted in the following manner. Water and an alkali catalyst (or an acid
catalyst) are added to the solvent (C). At least one member selected form the compounds (1 ) to (3) is then added to the
solvent (C) at a time, intermittently or continuously to conduct hydrolysis and condensation reactions. The reaction tem-

25 perature in this case is generally from 0 to 1 00°C, preferably from 15 to 90°C.

Other additives

[0079] Ingredients such as surfactants may be added to the composition for film formation obtained in the invention.

30 [0080] Examples of the surfactants include nonionic surfactants, anionic surfactants, cationic surfactants, and
amphoteric surfactants, and further include silicone surfactants, poly(alkylene oxide) surfactants, and fluorochemical
surfactants.

[0081] The composition of the invention desirably contains no silica particles so as to give a uniform coating film.

35 Methods for Preparing the Composition . .

[0082] The composition of the invention may be prepared, for example, by adding water and an alkali catalyst (or

an acid catalyst) to a solvent (C)
t adding thereto at least one member (hereinafter referred to also as "silane com-

pound") selected from the compounds (1 ) to (3) at a time, intermittently, or continuously, and conducting hydrolysis and
40 condensation reactions while stirring the mixture at a temperature of generally from 0 to 100°C, preferably from 1 5 to

90°C, for 1 to 12 hours. The composition can be regulated so as to have any desired solid content by conducting con-
centration or dilution with the solvent (C) in each step in the preparation.

[0083] Specific examples of methods for preparing the composition of the invention include methods in which ingre-
dient (A) or ingredient (B) is prepared, for example, by any of the following methods (1) to (12) and the ingredients (A)

45 and (B) thus obtained are blended with each other.

(1 ) A prescribed amount of a silane compound is added to a mixture comprising water, an alkali cataiyst (or an acid
catalyst), and a solvent (C), and hydrolysis/condensation reactions are conducted to obtain a product of hydrolysis
and condensation (A) [or a product of hydrolysis and condensation (B)].

(2) A prescribed amount of a silane compound is continuously or intermittently added to a mixture comprising
water, an alkali catalyst (or an acid catalyst), and a solvent (C), and hydrolysis/condensation reactions are con-
ducted to obtain a product of hydrolysis and condensation (A) [or a product of hydrolysis and condensation (B)].

(3) A mixture comprising water and an alkali catalyst (or an acid catalyst) and optionally further comprising a sol-

vent (C) Is added to a mixture comprising a prescribed silane compound and a solvent (C), and hydrolysis/conden-
sation reactions are conducted to obtain a product of hydrolysis and condensation (A) [or a product of hydrolysis

and condensation (B)].

(4) A mixture comprising water arid an alkali catalyst (or an acid catalyst) and optionally further comprising a. sol-

vent (C) is continuously or intermittently added to a mixture comprising a prescribed silane compound and a solvent

50

55
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(C), and hydrolysis/condensation reactions are conducted to obtain a product of hydrolysis and condensation (A)

[or a product of hydrolysis and condensation (B)].

(5) Water or a mixture comprising water and a solvent (C) as an optional ingredient is added to a mixture compris-

ing a prescribed silane compound, an alkali catalyst (oran acid catalyst), and a solvent (C), and hydrolysis/cohden-

s sation reactions are conducted to obtain a product of hydrolysis and condensation (A) [or a product of hydrolysis

and condensation (B)].

(6) Water or a mixture comprising water and a solvent (C) as an optional ingredient is continuously or intermittently

added to a mixture comprising a prescribed silane compound, an alkali catalyst (or anacid catalyst), and a solvent

(C), and hydrolysis/condensation reactions are conducted to obtain a product of hydrolysis and condensation (A)

ro [or a product of hydrolysis and condensation (B)].

(7) A mixture comprising a silane compound and an alkali catalyst (or an acid catalyst) respectively in prescribed

amounts and optionally further comprising a solvent (C) is added to either a prescribed amount of water or a mix-

ture comprising a prescribed amount of water and a solvent (C) as an optional ingredient, and hydrolysis/conden-

sation reactions are conducted to obtain a product of hydrolysis and condensation (A) [or a product of hydrolysis

75 and condensation (B)].'

(8) A mixture comprising a silane compound and an alkali catalyst (or an acid catalyst) respectively in prescribed

amounts and optionally further comprising a solvent (C) is continuously or intermittently added to either a pre-

scribed amount of water or a mixture comprising a prescribed amount of water and a solvent (C) as an optional

ingredient, and hydrolysis/condensation reactions are conducted to obtain a product of hydrolysis and condensa-
te? tion (A) [or a product of hydrolysis and condensation (B)]!

(9) A prescribed amount of an alkali catalyst (or an acid catalyst) or a mixture comprising a prescribed amount of

the catalyst and a solvent (C) as an optional ingredient is added to a mixture comprising water and a silane com-
pound respectively in prescribed amounts and optionally further comprising a solvent (C), and hydrolysis/conden-

sation reactions are conducted to obtain a product of hydrolysis and condensation (A) [or a product of hydrolysis

25 and condensation (B)].

(10) A prescribed amount of an alkali catalyst (or an acid catalyst) or a mixture comprising a prescribed amount of

the catalyst and a solvent (C) as an optional Ingredient is continuously or intermittently added to a mixture compris-

ing water and a silane compound respectively in prescribed amounts and optionally further comprising a solvent

(C), and hydrolysis/condensation reactions are conducted to obtain a product of hydrolysis and condensation (A)

30 [or a product of hydrolysis and condensation (B)].

(11) A mixture comprising water and a silane compound respectively in prescribed amounts and optionally further

comprising a solvent (C) Is added to either a prescribed amount of an alkali catalyst (or an acid catalyst) or a mix-

ture comprising a prescribed amount of the catalyst and a solvent (C) as an optional ingredient, and hydrolysis/con-

densation reactions are conducted to obtain a product of hydrolysis and condensation (A) [or a product of

35 hydrolysis and condensation (B)].

(12) A mixture comprising water and a silane compound respectively in prescribed amounts and optionally further

comprising a solvent (C) is continuously or intermittently added to either a prescribed amount of an alkali catalyst

(or an acid catalyst) or a mixture comprising a prescribed amount of the catalyst and a solvent (C) as an optional

ingredient, and hydrolysis/condensation reactions are conducted to obtain a product of hydrolysis and condensa-
40 tion (A) [or a product of hydrolysis and condensation (B)].

[0084] When the silane compound is hydrolyzed and condensed in the Invention, the reaction mixture has a solid

concentration of generally from 0.1 to 50% by weight
[0085] The composition of the invention thus obtained has a total solid concentration of preferably from 2 to 50% by

45 weight, more preferably from 2 to 30% by weight The solid concentration thereof is suitably regulated according to pur-

poses of the use thereof. When the composition has a total solid concentration of from 2 to 50% by weight, the compo-
sition not only gives a coating film having an appropriate thickness but has better storage stability.

[0086] The total solid concentration of the composition is regulated, according to need, by means of concentration
or dilution with the solvent (C).

so [0087] The composition of the invention thus obtained can be filtered, according to need, through a filter before

being used.

[0088] Examples of the material of the filter that can be used include polyesters, polycarbonates, cellulose, cellu-

lose acetate, polypropylene, polyethersulfones, polytetrafluomethylene (PTFE), and polyamides. It is preferred to use a
PTFE filter having a pore diameter of 0.2 u,m or smaller, especially 0.05 |im or smaller, from the standpoint of removing

55 foreign matters from the composition to give a coating film having excellent uniformity.

[0O89] Such filters differing in material and pore diameter can be used in combination. It is also possible to use a
combination of two or more filters which are made of the same material but differ in pore diameter,

[0090] In forming a film from the.composition of the invention, the composition of the invention is first applied to a
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substrate to form a coating film.

[0091] Examples of the substrate to which the composition of the invention is applicable include semiconductors,
glasses, ceramics, and metals.

[0092] Examples of coating techniques that can be used include spin coating, clipping, and roller blade coating.

5 [0093] The composition of the invention is especially suitable for use in an application in which the composition is

applied to a silicon wafer, Si02 wafer, SIN wafer, or the like to form an insulating film.

[0094] In this, application, heating can be conducted with a hot plate, oven, furnace, or the like, for example, under
atmospheric pressure, in a nitrogen or argon atmosphere, under vacuum, or under reduced pressure having controlled
oxygen concentration.

io [0095] This heat treatment is preferably conducted in a nitrogen or argon atmosphere, under vacuum, or under
reduced pressure having an oxygen concentration of 1 00 ppm or lower and at a temperature of 450°C or lower.

[0096] In order to control the curing rate of the ingredient (A), stepwise heating or a suitably selected atmosphere,
such as a nitrogen, air, oxygen, or reduced-pressure atmosphere, can be used.according to need.
[0097] The film of the invention thus obtained has a low dielectric constant, which is generally from 3.1 to 1 .5, pref-

15 erably from 3.0 to 1.5, more preferably from 2.7 to 1.5.

[0098] The film of the invention has a high modulus of elasticity, and the Young's modulus thereof is generally from
3 to 1 5 G Pa, preferably from 4 to 1 5 GPa.

[0099] This high modulus of elasticity can be obtained by burning, by the method described above, the products of
hydrolysis and condensation (A) and (B) prepared by any of the methods described above.

20 [0100] The film of the invention further has a density of generally from 0.5 to 1 .4 g/cm3
,
preferably from 0.5 to 1 .3

g/cm3
, more preferably from 0.5 to 1 .2 g/cm3 . If the density of the film is lower than 0.5 g/cm3 the coating film has

impaired mechanical strength. On the other . hand, if the density; thereof exceeds 1.4 g/cm3 , a low dielectric constant
cannot be obtained.

[0101] Furthermore, the film of the invention is characterized by having low water absorption. For example/when
25 the coating film is. allowed to stand in an atmosphere of 127°C, 2.5 atm, and 1 00% RH for 1 hour, then no water adsorp-

tion on the coating film is observed by IR spectroscopy.

[0102] This low water absorption can be obtained, for example, by regulating the content of the product of hydroly-
sis and condensation derived from the compound (2) in the composition for film formation of the invention to a value
within the range specified above.

30 [0103] The film of the invention has excellent insulating properties and a high modulus of elasticity. This coating film
is excellent also in uniformity, dielectric constant characteristics, cracking resistance, and surface hardness. Conse-
quently, this coating film is useful in applications such as interlayer insulating films for semiconductor devices such as
LSIs, system LSls, DRAMs, SDRAMs, RDRAMs, and D-RDRAMs, protective films such as surface coat films for sem-
iconductor devices, interlayer insulating films for multllayered printed circuit boards, and protective or insulating films for

35 liquid-crystal display devices.

[0104] The semiconductor device according to the invention has the film of the invention as an insulating film inter-

posed between metallic wirings.

[0105] The invention will be explained below in more detail by reference to the following Examples. However, the
following description merely shows general embodiment examples of the invention, and it should be understood that the

40 invention is not construed as being limited by the description without particular reasons. In the following Examples and
Comparative Example, all "parts" and "percents" are by weight unless otherwise indicated.

[0106] Various properties were evaluated by the following methods.

Weight average molecular weight

45

[0107] Measured by gel permeation chromatography (GPC) (refractive index, viscosity, or light scattering measure-
ment) under the following conditions.

[0108] Sample solution: A product of the hydrolysis and condensation of silane compounds was diluted with meth-
anol containing 10 mM LiBrto a solid concentration of 0.25% to prepare a sample solution for GPC (refractive index,

so viscosity, or light scattering measurement).

Apparatus:

[0109]

55

GPC system: Model GPC-8020, manufactured by Tosoh Corp.
.

Column: Alpha 5000/3000, manufactured by Tosoh Corp.

Viscosity detector and light scattering detector: Model T-60 Dual Meter, manufactured by Visco Tech Co.

11
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Carrier solution: methanol containing 10 mM LiBr

Carrier feed rate: 1 ml/min

Column temperature: 40°C

5 Storage stability

[01 10] In a glass bottle having a capacity of 1 00 ml equipped with a screw cap was placed 80 ml of a composition
of the invention. This bottle was closed and allowed to stand in a40°C autoclave for i month. Before and after the stand-

ing, the sample was applied by spin coating under the conditions of 2,500 rpm and 31 seconds and then burned by the

io method shown in the Examples. The thickness of each of the thus-obtained coating films was measured with an ellip-

someter (Spectra Laser 200, manufactured by Rudolph Technologies). The change in thickness, i.e., {[(thickness of film

formed from the sample after standing)-(thickness of film formed from the sample
before standing)]/(thickness of film formed from the sample before standing)}x1 00 , was calculated, and the sample
was evaluated, based on the following criteria.

15

© : film thickness change < 5%
O ' film thickness change < 1 0%
X: film thickness change > 1 0%

20 Dielectric constant

[01 1 1] A sample for dielectric constant measurement was produced by forming an aluminum electrode pattern by
vapor deposition on a film obtained. This sample was examined at a frequency of 100 kHz with electrodes HP16451B
and precision LCR meter HP4284A, both manufactured by Yokogawa-Hewlett-Packard, Ltd., by the CV method to

25 determine the dielectric constant of the coating film.

Film density

[01 1 2] The density of a film was calculated from the weight of the film and the volume thereof determined from the

30 thickness and area of the film.

Modulus of elasticity (Young's modulus)

[0113] A film obtained was examined with Nanolndenter XP (manufactured by MST) by a continuous method for

35 rigidity measurement. "

Water absorption,

[0114] A coating film obtained was allowed to stand in an atmosphere of 127°C, 2.5 atm, and 100% RH for 1 hour
40 and then examined by IR spectroscopy to obtain an IR spectrum thereof. This IR spectrum was compared with an IR

spectrum of the coating film which had not undergone the standing, and was examined for an absorption around 3,500
cm" 1

attributable to H20. Water absorption was evaluated based on the following criteria.

O' the spectrum did not have the absorption;

45 X: the spectrum had the absorption.

REFERENCE EXAMPLE 1

Preparation of Ingredient (A-1)]

50

[01 1 5] To a solution consisting of 5 g of 25% aqueous ammonia solution, 320 g of ultrapure water, and 600 g of eth-

anol were added 1 5 g of methyltrimethoxysilane (7.4 g in terms of the product of complete hydrolysis and condensation)
and 20 g of tetraethoxysilane (5.8 g in terms of the product of complete hydrolysis and condensation). This mixture was
reacted at 60°C for 3 hours, and 200 g of propylene glycol monopropyl etherwas then added thereto. The resulting mlx-

55 ture was concentrated under reduced pressure until the total amount of the solution decreased to 200 g. Thus, an ingre-

dient (A-1) composition solution having a solid content of 6.6% was obtained. The ingredient (Arl) obtained had a
weight average molecular weight of 300,000.

12



EP 1 090 967 A2

REFERENCE EXAMPLE g

[Preparation of Ingredient (A-2)]
:

[0116] 200 g~of the ingredient (A-1) solution described in Reference Example i was further concentrated to a total
solution amount of 1 40 g. To this concentrate was added 1 0 g of a 1 0% propylene glycol monopropyl ether solution of
acetic acid. Thus, a composition solution having a solid content of 8.8% was obtained. The ingredient (A-2) obtained
had a weight average molecular weight of 300,000. The number of residual siianol groups counted by conductometrlc
titration did not change through the addition of acetic acid.

REFERENCE EXAMPLE 3

[Preparation of Ingredient (B)]

[0117] An aqueous solution prepared by dissolving 1.0 g of maleic acid (catalyst/SiOR ratio: 0.001 by mole) in
157.7 g of water (H20/SiOR ratio: 1.0 by mole) was added dropwise over 1 hour at room temperature to a solution con-
sisting of 1 01 .3 g of tetramethoxysilane (40.0 g in terms of the product of complete hydrolysis and condensation), 203.0
g of methyltrimethoxysiiane (100:0 g in terms of the product of complete hydrolysis and condensation), 97.3 g of
dimethyldimethoxysilane (60.0 g in terms of the product of complete hydrolysis and condensation), 559.3 g of propylene
glycol monopropyl ether, and 239.7 g of methyl n-pentyl ketone. After completion of the addition, the mixture was further
reacted at 60°C for 2 hours. The resulting mixture was concentrated under reduced pressure until the total amount of
the solution decreased to 1 ,000 g. Thus, an ingredient (B) having a solid content of 20% was obtained. The ingredient
(B) obtained had a weight average molecular weight of 3,000.

COMPARATIVE REFERFNCE EXAMPLE

[0118] 1 92.8 g of methyltrimethoxysiiane and 240.7 g of tetramethoxysilane were dissolved in 461 g of propylene
glycol monoethylether in a quartz-made separable flask, and the resulting solution was stirred with a three-one motor
to stabilize the solution at a solution temperature of 60°C. 95 g of an Ion-exchanged water containing 1 0 g of maleic acid
dissolved therein was added to the solution over 1 hour. Reaction was then conducted at 60°C for 2 hours, and the reac-
tion solution was cooled to room temperature. 200 g of a solution containing methanol was removed from the reaction
solution by evaporation at 50°C to obtain a reaction solution.

[01 1 9] Weight average molecular weight of condensate and the like thus obtained was 2,400.

: EXAMPLE 1

[0120] 96.5 g of the ingredient (A-1 ) solution described in Reference Example 1 was mixed with 3.5 g of the ingre-
dient (B) solution described in Reference Example 3 to obtain a composition solution having a solid content of 7.1%.
The composition obtained was applied to an B inch silicon wafer by spin coating. The coated wafer was heated first at
80°C in the air for 5 minutes and then at 200°C in nitrogen for 5 minutes, subsequently heated under vacuum at 340°C,
360°C, and 380°C in this order for 30 minutes each, andthen heated under vacuum at 425°Cfor 1 hourto form a color-
less transparent film. The results of evaluations of the film obtained are shown in Table 1

.

EXAMPLE 2

[0121] 84.1 g of the ingredient (A-2) solution described in Reference Example 2 was mixed with 15.9 g of the ingre-
dient (B) solution described in Reference Example 3 to obtain a composition solution having a solid content of 10.6%.
The composition obtained was applied to an 8 inch silicon wafer by spin coating. The coated wafer was heated first at
80°C in the air for 5 minutes and then at 200°C in nitrogen for 5 minutes, subsequently heated under vacuum at 340°C,
360°C, and 380°C in this order for 30 minutes each, and then heated under vacuum at 425°C for 1 hourto form a color-
less transparent film. The results of evaluations of the film obtained are shown in the Table below.

COMPARATIVE EXAMPLE

[0122] 87.6 g of the composition solution described in Comparative Reference Example 1 was mixed with 12.4 g of
the ingredient (B) solution described in Reference Example 3 to obtain a composition solution having a solid content of
8.3%. The composition obtained was applied to an .8 inch silicon wafer by spin coating. The coated wafer was heated
first at 80°C in the air for 5 minutes and then at 200°C in nitrogen for 5 minutes/subsequently heated under vacuum at



.a,'iti7.«,w;ih.a>vN

EP 1 090 967 A2

340°C, 360°C, and 380°C in this order for 30 minutes each, and then heated under vacuum at 425°Cfor 1 hour to form

a colorless transparent film. The results of evaluations of the film obtained are shown in the Table below!

Table

Example 1 Example 2 Comparative Example

Storage stability o ® X

Dielectric constant 2.4 2.6 3.4

Film density (g/cm3
)

1.2 1.3 . 1.7

Modulus of elasticity (GPa) 5.1 6.8 5.0

Water absorption O o X

T5

[0123] According to the invention, a polyorganosiloxane-based composition for film formation can be provided

which gives a film having a low dielectric constant and high modulus of elasticity and is useful as an iriterlayer insulating

film material in the production of semiconductor devices and the like.

[0124] A polyorganosiloxane-based composition for film formation which gives a film having low dielectric constant

20 and high modulus of elasticity and useful as an interlayer insulating film in semiconductor devices and the like.

[0125] The composition for film formation comprises: (A) a product of hydrolysis and condensation obtained by

hydrolyzing and condensing, in the presence of an alkali catalyst, at least one member selected from the group consist-

ing of compounds (1) represented by RaSi(OR
1

)4.a (wherein R represents hydrogen, fluorine, or a monovalent organic

group; R 1 represents a monovalent organic group; and a Is an integer of 1 or 2), compounds (2) represented by

25 Si(OR2)4 (wherein R2 represents a monovalent organic group), and compounds (3) represented by R3b(R40)3.bSi-

(R7)d -S^OR
5)^ R6

C [wherein R3 to R6 may be the same or different and each represent a monovalent organic group;

b and c may be the same or different and each are an integer of 0 to 2; R7 represents oxygen, phenylene, or a group

represented by -(CH2) n-, wherein n is an integer of 1 to 6; and d is 0 or 1]; and (B) a product of hydrolysis and conden-

sation obtained by hydrolyzing and condensing, in the presence of an acid catalyst, at least one member selected from

30 the group consisting of the compounds (1), (2), and (3).

Claims

1. A composition for film formation which comprises

35

(A) a product of hydrolysis and condensation obtained by hydrolyzing and condensing, in the presence of an

alkali catalyst, at least one silane compound selected from the group consisting of compounds represented by

the following formula (1 ), compounds represented by the following formula (2), and compounds represented by

the following formula (3), and
40 (B) a product of hydrolysis and condensation obtained by hydrolyzing and condensing, in the presence of an

acid catalyst, at least one silane compound selected from the group consisting of compounds represented by

the following formula (1 ), compounds represented by the following formula (2), and compounds represented by

the following formula (3):

45 R3Si(OR
1

)4_a (1)

wherein R represents hydrogen atom, fluorine atom, or a monovalent organic group; R 1 represents a monova-
lent organic group; and a is an integer of 1 or 2;

so Si(OR2
)4 (2)

wherein R2 represents a monovalent organic group;

R3
b(R

4
0)3-b Sl-(R

7
)d-Si(OR

5
)3 .c R

6
C .

(3)

55

wherein R3 to R6 may be the same or different and each represent a monovalent organic group; b and c may .

be the same or different and each are an integer of 0 to 2; R7 represents oxygen atom, a phenylene group, or

a group represented by.-(CH2)n -, wherein. n is an integer of 1 to 6; and d is 0 or 1.

14
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2. The composition for film formation as claimed in claim 1, wherein said product of hydrolysis and condensation as
ingredient (A) has a weight average moiecular weight as determined by GPC of from 50,000 to 10,000,000.

3. The composition for film formation as claimed in clairn 1, wherein said product of hydrolysis and condensation as
ingredient (B) has a weight average molecular weight as determined by GPC of from 500 to 300,000.

4. The composition for film formation as claimed in any one of claims 1 to 3, wherein said ingredient (A) contains a
product of the hydrolysis and condensation of at least one compound represented by the formula (2) in an amount
of from 5 to 75% by weight (in terms of the product of complete hydrolysis and condensation).

5. The composition for film formation as claimed in any one of claims 1 to 3, wherein said ingredient (A) is a product
of the hydrolysis and condensation of silane compounds comprising at least one compound represented by the for-

mula (1 ) and at least one compound represented by the formula (2).

6. The composition for film formation as claimed in any one of claims 1 to 3, which comprises 1 00 parts by weight of
said ingredient (A) (in terms of the product of complete hydrolysis and condensation) and from 1 to 900 parts by
weight of said ingredient (B) (in terms of the product of complete hydrolysis and condensation).

7. The composition for film formation as claimed in any one of claims 1 to 3, which has a pH of 7 or lower.

8. A method of film formation which comprises applying a composition for film formation on a substrate and then heat-
ing the composition, said composition for film formation comprising:

(A) a product of hydrolysis and condensation obtained by hydroiyzlng and condensing, in the presence of an
alkali catalyst, at least one silane compound selected from the group consisting of compounds represented by
the following formula (1), compounds represented by the following formula (2), and compounds represented by
the following formula (3), and
(B) a product of hydrolysis and condensation obtained by hydrolyzing and condensing, in the presence of an
acid catalyst, at least one silane compound selected from the group consisting of compounds represented by
the following formula (1 ), compounds represented by the following formula (2), and compounds represented by
the following formula (3):

RaSi(OR
1
)4_a (1)

wherein R represents hydrogen atom, fluorine atom, or a monovalent organic group; R1 represents a monova-
lent organic group; and a is an integer of 1 or 2;

Si(OR2)4 (2)

wherein R2 represents a monovalent organic group;

R3b(R40)3.bSi-(R
7
)dSl(OR

5
)3.cR

6
c (3)

wherein R3
to R6 may be the same or different and each represent a monovalent organic group; b and c may

be the same or different and each are an integer of 0 to 2; R7 represents oxygen atom, a phenylene group, or
a group represented by -(CH2 )n -, wherein n is an integer of i to 6; and d is 0 or 1

.

9. An insulating film obtained by the method of film formation as claimed in claim B.

10. A semiconductor device having the insulating film as claimed in claim 9.
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